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PHARMACEUTICAL FORMULATIONS WITH CLAVULANir arm 
AND AN ANTIMYCCBACTER^S IC * ,D 

This invention relates to pharmaceutical formulations, in particular to novel 
uses of formulations in connection with the treatment of infection by mycobacteria. 

Mycobacteria include M. tuberculosis and nontubeiculosis mycobacterial 
spec.es such as M. fortuity, MJc ansasii, M.marinum and M. avium complex 

The invention provides a pharmaceutical formulation which comprises a 
pharmaceutical^ acceptable salt of clavulanic acid, in combination with an 
antimycobacterial agent, and optionally one or more other antimicrobial agents 
The formulation of the invention is suitable for use in the treatment of 
infection by mycobacteria in humans or animals. 

The present invention also provides a method of use of a pharmaceutical^ 
acceptable salt of clavulanic acid and an antimycobacterial agent, and optionally one 
or more other antimicrobial agents, together in combination in the manufacture of a 
medicament formulation, particularly a formulation for the treatment of infection of 
humans or animals by mycobacteria. 

The present invention further provides a method for the preparation of a 
pharmaceutical formulation as defined above, which method comprises admixing the 
combination of a pharmaceutical^ acceptable salt of clavulanic acid and an 
antimycobacterial agent and optionally one or more other antimicrobial agents 

As salts of clavulanic acid are extremely hygroscopic such formulations must 
be prepared m dry conditions, typically at a relative humidity of 30% or less All 
constituents of the formulation should be predried. Dry formulations for aqueous 
reconstitute may be made up with an aqueous vehicle shortly before use 

The present invention further provides a pharmaceutical formulation as 
defined above for use as an active therapeutic substance, particularly in the treatment 
ot infection of humans or animals by mycobacteria. 

The present invention also provides the use of a pharmaceutically acceptable 
salt of clavulanic acid to enhance the antimycobacterial effectiveness of an * 
oO antimycobacterial agent 

Further the invention provides a method for the treatment of an infection by 
mycobacteria in humans or animals, which comprises administering thereto 
simultaneously or successively in any order, a pharmaceutically acceptable'salt of 
clavulanic acid and an antimycobacterial agent, and optionally one or more other 
antimicrobial agents. Typically the clavulanic acid and antimycobacterial agent may 
be co-administered together, optionally also together with one or more other 
antimicrobial agents, e.g. as a pharmaceutical composition. 

Typical mycobacteria are M. tuberculosis, M.fortuitum, M. kansasii, M. 
marinum, and M. avium complex. 
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The most pharmaceutically stable salt of clavulanic acid is the potassium salt, 
ie potassium clavuianate. 

A suitable antimycobacterial agent is ethambutol [ that is, 2.2'-(l,2- 
ethanediyldiimino)di- 1 -butanol; d-N,N'-bis( 1 -hydroxymethylpropyl) ethylene 
5 diamine] or derivatives thereof such as the hydrochloride or dihydrochloride. 

Suitable optional other antimicrobial agents which may be included in the 
formulations and methods of this invention as described herein include antibiotics, e.g 
(Mactam antibiotics such as penicillins and cephalosporins. Suitable antibiotics 
include those for example listed in GB 1578739, e.g on page 3 line 25 to 36 thereof. 
10 Suitable p-lactam antibiotics include the penicillins: amoxycillin, ampicillin, 

apalcillin, aspoxicillin, azidocillin, azlocillin, aztreonam, benzylpenicillin, 
bacampicillin, carbenicillin, cloxacillin, cyclacillin, dicloxiciilin, epicillin, 
flucloxacillin, lenampicillin, mecillinam, methicillin, mezlocillin, phenoxy- 
methylpenicillin, piperacillin, pivampicillin, propicillin, sulbenicillin, talampicillin, 
15 and ticarcillin; and the cephalosporins: cefaclor, cefadroxil, cefatrizine, cefclidine, 
cefamandole, cefazolin, cefbuperazone, cefcanel daloxate, cefdinir, cefepime, 
cefetamet pivoxil, cefixime, cefminox, cefminoxime,. cefmetazole, cefonicid, 
cefoperazone, cefotaxime, cefotetan, cefotiam, cefotiam hexetil, cefoxitin, 
cefpimizole, cefpiramide, cefrirome, cefpodoxime proxetil ,cefprozil, ceftazidime, 
20 ceftibuten, ceftizoxime, ceftriaxone, cefuroxime axetii, cefuroxime, cephacetrile, 
cephalexin, cephaloridine, cephalothin, cephamanadole nafate, cephapirin, 
cephoperazone, cefsulodin, cefuzonam, cephradine, loracarbef, DQ 2556, ME1207, 
S-1006, SCE-2787 and moxalactam. 

Amoxycillin is a preferred ^-lactam antibiotic, for example used in the form 
25 of amoxycillin trihydrate or sodium amoxycillin, for example anhydrous crystalline 
sodium amoxycillin in the form described in EP 0131147. 

The clavulanic acid and antimycobacterial agent and other optional 
antimicrobial agents, as used in this invention, whether in the form of the free acids, 
salts, esters or derivatives thereof are preferably each in a substantially pure form, e.g. 
30 at least 60% pure, more suitably at least 75% pure, preferably at least 85% especially 
at least 98% pure on a weight basis. 

The formulations of the invention may be in a form adapted for oral or 
parenteral use and may be used for the treatment of infection in humans and animals 
especially mammals, including in particular domesticated animals (including farm 
35 animals). 

The formulations of the invention may, for example, be made up in the form 
of tablets, suspensions, solutions, reconstitutable powders, and sterile forms suitable 
for injection or infusion. Such formulations may contain conventional 
pharmaceutically acceptable materials, for example solid or liquid diluents, colours 
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and preservatives, in accordance with conventional pharmaceutical practice in a - 
manner well understood by those skilled in the an of formulating antibiotics. 
Normally all such ingredients are predried. Aqueous solutions are normally provided 
in the form of dry ingredients for reconstitution immediately prior to use. 

It can be particularly advantageous for the formulations of the invention to 
be administered to a patient by injection or infusion. TTiat method of administration 
has the advantage of rapidly resulting in high blood levels of the active ingredient 
compounds being administered. Accordingly, in one preferred form of the 
formulation of the invention, the compounds are present in sterile form, including in 
sterile crystalline form. A further preferred form of the formulation of the invention, 
is one in which the formulation is in injectable or inf usable form. 

One injectable or infusable form of the formulation of the invention is an 
injectable or infusable solution, which suitably comprises an aqueous solution of a 
pharmaceutical^ acceptable salt of clavulanic acid and an antimycobacterial agent, 
and optionally one or more other antimicrobial agents, in a sterile pyrogen-free liquid, 
for example water or aqueous ethanoL Because of the water sensitivity of salts of 
clavulanic acid such a formulation should be provided as the dry constituents and be 
made up with water immediately prior to use. 

A further injectable or infusable form of the formulation of the invention is 
an injectable or infusable suspension, in which case the salt of clavulanic acid, and 
antimycobacterial agent are advantageously present in finely particulate form. The 
suspension may be an aqueous suspension in, for example, sterile water or sterile 
saline, which may additionally include a suspending agent, for example poly- 
vinylpyrrolidone. Alternatively, the suspension may be an oily suspension in a 
pharmaceutical^ acceptable oil suspending agent, for example arachis oil, which 
should be dry. Because of the water sensitivity of clavulanic acid salts such aqueous 
suspensions should be made up from dry constituents immediately prior to use. 

A formulation according to the invention may be in unit dosage form, for 
example unit dosage form for parenteral administration, which will primarily include 
administration by injection or infusion, especially intramuscular and intravenous 
administration. 

In the formulations and methods according to the invention, the 
antimycobacterial agent may be administered to the patient in an antibacterially 
effective amount, and the salt of clavulanic acid may be administered in an amount 
35 effective to inhibit fJ-lactamase enzymes. 

•Die salt of clavulanic acid will generally be administered in an amount 
sufficient to inhibit the ^-lactamase enzyme(s) associated with infecting bacterial 
and/or mycobacterial organism(s). To that end, it may suitably be administered to the 
patient at a daily dosage of from 0.3 to 15 mg/kg, preferably from 0.7 to 10 mg/kg, 

.3. 
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for example from 0.7 to 7 mg/kg, of body weight. For an adult human (of 
approximately 70 kg body weight), from 25 to 1000 mg, preferably from 50 to 500 
mg, of the salt of clavulanic acid may be administered daily, suitably in from 1 to 6, 
preferably from 2 to 4, separate doses. Higher or lower dosages may, however, be 
5 used in accordance with clinical practice. 

When the formulations according to the invention are presented in unit 
dosage form, each unit dose may suitably comprise from 12.5 to 1000 mg, preferably 
from 12.5 to 250 mg, of the salt of clavulanic acid. Each unit dose may, for example, 
be 12.5, 25, 50, 75, 100, 125, 150, 200, or 250 mg of the salt of clavulanic acid. 
10 The ratio of the amount of the salt of clavulanic acid used according to the 

invention : amount of any other optional antimicrobial agent present may vary within 
a wide range, e.g 1:1 to 1:30 by weight. In the case of amoxycillin or salts or esters 
thereof the said ratio may, for example, be from 1:1 to 1:12; more particularly, it 
may, for example, be from 1:1 to 1:7, 1:1 to 1:4 or 1:1 to 1:2, by weight. 
15 The amount of any optional other antimicrobial agent, e.g amoxycillin or 

salts or esters thereof in a formulation according to the invention will normally be 
approximately similar to the amount in which it is conventionally used per se. In the 
case of amoxycillin for example from 125 to 3000 mg per day, and from 125 to 3000 
mg per unit dose, advantageously from about 125 to 1000 mg per unit dose, from 2 to 
20 4 times daily may be administered. In the case of ticarcillin for example a maximum 
of 3.2 g six to eight hourly may be administered. 

The amount of antimycobacterial agent in a formulation according to the 
invention will normally be approximately similar to the amount in which it is 
conventionally used per se. For example in the case of ethambutol up to 25 mg/kg per 
25 day may be administered. 

An example of a suitable formulation for oral administration according to the 
invention is one comprising from 12.5 to 250 mg, preferably from 25 to 125 mg, of 
potassium clavulanate, in admixture or conjunction with 100 to 400 mg of ethambutol 
or a derivative thereof per unit dose, optionally also comprising 125 to 3000mg of 
30 amoxycillin trihydrate. 

An example of a suitable formulation for parenteral administration according 
to this invention is one comprising from 12.5 to 250mg, preferably from 25 to 125 
mg, of potassium clavulanate, in admixture or conjunction with 100 to 400 mg of 
ethambutol or a derivative thereof per unit dose, optionally also comprising 125 to 
35 3000 mg of sodium amoxycillin. 

The following example illustrates the synergistic antibacterial activity of a 
combination of a salt of clavulanic acid and the antimycobacterial agent ethambutol, 
together with the antimicrobial agent amoxycillin, and compares this combination 
with the activity of amoxycillin and a salt of clavulanic acid alone, and of ethambutol 
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alone, against mycobacteria. 
Example 1. 

The susceptibility of four mycobacterial species to amoxycillin plus 
clavulanate, and ethambutol was determined. Microdiludon MIC methodology was 
used to test 24 M.fortuitum, M. kansasii and M. marinum strains and BACTEC 
methodology was used to test 20 M. avium complex (MAC) isolates. 

Five of the nine M. fortuitum, four of the ten M. kansasii and three of the 
five M. marinum isolates had amoxycillin/clavulanate MICs of < 8/4 mcg/ml Ten of 
the twenty MAC isolates had amoxycillin/clavulanate MIC results <: 8>/4 mcg/ml with 
eight of the isolates having MICs of < 4/2 mcg/ml. Amoxycillin alone and 
clavulanate alone were relatively ineffective against these isolates. When 
amoxycillin/clavulanate was combined with 2 mcg/ml of ethambutol, the 
susceptibility of seven M. kansasii and four M. marinum isolates was' increased 
compared to either amoxycillin/clavulanate or ethambutol alone. The data obtained 
indicate that the concentrations of amoxycUlin/clavulanate alone and in combination 
with ethambutol required to inhibit mycobacterial growth in vitro are within the 
therapeutic range of amoxycillin/clavulanate. 

The data presented below in Tables 1 and 2 shows MIC (ng/ml) results for 
M. kansasii and M. marinum. MICs were determined in middlebrook broth with 
OADC (oleic acid, albumin, dextrose and catalase) enrichment inocculated with 5 x 
10« CFU/ml of the mycobacteria. After sufficient growth the MICs were determined 
as the lowest concentration of antibiotics) which inhibited growth. 

In Tables 1 and 2, clav. = clavulanate alone, amx. = amoxycillin alone 
etham. = ethambutol alone, clav/amx = clavulanate + amoxycillin, clav/amx/etham = 
clavulanate + amoxycillin + ethambutol. 
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Table 1: Mycobacterium Kansasii. 



Isolate 


clav. 


amx. 


clav/amx 


etham. 


clav/amx 
/etham. 


clav/amx 
/etham. 


258A 


64 


>256 


8/4 


16 


<0.25/ 
0.125/1 


<0.25/ 
0.125/2 


475A 


64 


>256 


8/4 


16 


<0.25/ 
0.125/1 


<0.25/ 
0.125/2 


506A 


>128 


>256 


64/32 


16 


16/8/1 


8/4/2 


626A 


32 


>256 


16/8 


16 


<0.25/ 
0.125/1 


<0.25/ 
0.125/2 


640A 


32 


256 


8/4 


16 


<0.25/0.1 
25/1 


<0.25/ 
0.125/2 


1220A 


32 


64 


8/4 


8 


<0.25/ 
0.125/1 


<0.25/ 
0.125/2 


1609 A 


128 


>256 


32/16 


8 


<0.25/ 
0.125/1 


<0.24/ 
0.125/2 


1610A 


32 


>256 


32/16 


16 


4/2/1 


2/1/2 


1722A 


64 


>256 


16/8 


8 


2/1/1 


2/1/2 


1870A 


64 


>256 


16/8 


16 


<0.25/ 
0.125/1 


<0.25/ 
0.125/2 
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Table 2: Mycobacterium Marinum. 



Isolate 

1508A 

2084A 

2162A 

4935A 

4939A 



clav. 

64 
32 
32 
32 
32 



amx. 

256 

>256 

>256 

128 

>256 



clav/amx 


etham 


cidv/amx 


clav/amx 






/etnam 


/etham 


16/8 


8 




<0.25/ 






u. 125/1 


0.125/2 


8/4 


4 




<0.25/ 






0.125/1 


0.125/2 


8/4 


4 


<0.25/ 


<0.25/ 






0.125/1 


0.125/2 


8/4 


4 


<0.25/ 


<0.25/ 






0.125/1 


0.125/2 


16/8 


8 


2/1/1 


1/0.5/2 
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Claims: 

L A pharmaceutical formulation comprising a pharmaceutical^ acceptable salt 
of clavulanic acid, in combination with an antimycobacterial agent, and optionally 
5 with one or more other antimicrobial agents. 

2. A formulation according to claim 1 wherein the pharmaceutical^ acceptable 
salt of clavulanic acid is potassium clavulanate. 

10 3. A formulation according to claim 1 wherein the antimycobacterial agent is 
ethambutol. 

4. A formulation according to claim 1 wherein an additional antimicrobial 
agent is present which is a ^-lactam antibiotic. 

15 

5. A formulation according to claim 4 wherein the |}-lactam antibiotic is 
amoxycillin, present as the free acid, or as a pharmaceuticaly acceptable salt or ester 
thereof. 

20 6. A formulation according to claim 4 wherein the ratio pharmaceutically 
acceptable salt of clavulanic acid : ^-lactam antibiotic is in the range 1:1 to 1:30. 

7. A formulation according to claim 1 in unit dosage form comprising 12.5 to 
1000 mg of a pharmaceutically acceptable salt of clavulanic and 100 to 400 mg of 

25 ethambutol or a derivative thereof. 

8. A formulation according to claim 7 additionally comprising 125 to 3000 mg 
of amoxycillin or a derivative thereof. 

30 9. A formulation according to claim 1 for parenteral administration. 

10. A formulation according to claim 1 for oral administration. 

11. A formulation according to claim 1 for use in the treatment of infection by 
35 mycobacteria in humans or animals. 

12. A method of use of a pharmaceutically acceptable salt of clavulanic acid, and 
an antimycobacterial agent, and optionally one or more other antimicrobial agents, 
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together in combination in the manufacture of a medicament formulation. 

13. A method according to claim 1 1 comprising admixing the combination 
pharmaceutical* acceptable salt of clavulanic acid, an ^mycobacterial agent, and 
optionally one or more other antimicrobial agents. 

14. A pharmaceutical formulation accoiding to claim 1 for use as an active 
therapeutic substance* 
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15. ^"seofapharmaceuticallyacceptablesaltofclavulanicacidtoenhance 
the anumycobacterial activity of an antimycobacterial agent 

16. A method for the treatment of an infection by mycobacteria in humans or 
ammals, which comprises administering thereto, simultaneously or successively in 
any order, a pharniaceutically acceptable salt of clavulanic acid and an 
annmycobacterial agent and optionally one or more other antimicrobial agents 
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